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Abstract - It has been shown in previous papers that the pivalate of Z-ni- 
tro-2-propen-l-ol (NPP, l), a nitroolefin with allylic leaving group, can be 

used as a versatile multiple coupling reagent. The present contribution de- 

scribes the preparation of NPP analogues, substituted in the l- and/or 3-po- 

sition of the allylic carbon skeleton. Standard methods of nitzwaliphatic 
chemistry readily provide symmstrically substituted derivatives such as the 
cyclohexenes (7) and the indenes (B), while unsyraawtrlcal ones such as the 
phenyl NPP 2 are not so easy to prepare. This situation is now greatly im- 

proved by a regioselective method of introducing an allylfc pivaloyloxy 
group into nitroolefins: in the first step of the four-step sequence a phen- 
ylseleno- and a trifluoroacetoxy-group are added across the nltroolefinic 
double bond (10 + ll), then, the trifluoroacetate is cleaved, and the re- 
sulting nitroqhenzseleno-alcohol 12 is oxidized with elimination to the 
nftroallylic alcohols 13. These areyivalated by pivalic anhydrlde/ 
BP3'etherate (+ 14). -The - regioselective preparation of the products 16-34 -- 
of nitroallylatfon of various nucleophiles with substituted NPP-type re- 
agents demonstrates the broad scope of these multiple coupling reagents. Due 
to the multltude of conversions of the nitro group, these reagents provide 
access to a great variety of structures without NO -suhstituents, cf. 2 and 
2. The mechanism of the reaction of NPP-derivative: is discussed. - 

A) INTRODUCTION 

Several years ago3) , we have shcwn that the 

pivaloyloxy subs:ituted 2-nitropmpene 1 can be 

used for coupling with two different nucleo- 

philic components 4) , see 2. This yields ni- 

troalkanes 2. X=H/N02, which in turn can be 

subjected to the transformations typical of the 

nitro group5). Thus, reduction furnishes ami- 

nes, substitution of NO2 by OH and by H is pos- 

sible, the nitrogroup can act as leaving group 

in eliminations, the Nef WxtiOn tranSfOm 

the resulting secondary nitroalkanes to keto- 

nes, oximes can be produced, nitroolefins are 

excellent dienophiles in Diels-Alder reactions, 

and secondary nitroalkanes are highly reactive 

as donor components of Michael additions to 

a.&unsaturated carbonyl colrpounds. Thus, all 

the structures indicated by the formulae 2 and 

2 can be built up using NPP (1) as a coupling 

reagent. A full paper with numerous examples 

has appeared4). 

We found, that NPP is much more reactive 

than a simple 2-nitro-1-alkene. Therefore, the 

first coupling step cleanly produces products 

of nitroallylation of the nucleophiles (Nu') 

employed. Also, the pivaloyloxy group has a 

sterically protected6) carbonyl center which 

does not conpete with the nitroolefinlc accep- 

tor double bond. Therefore, even the most re- 

active nucleophiles such as alkyl- and arylli- 
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thium compounds can be added to NPP. The very 

special reactivity of this system made it de- 

sirable to develop synthetic routes also to 

substituted NPP-derivatives, which was the goal 

of our recent studies in this area. 

8) NPP-Derivatives from Z-Nitro-1.3-diols 

The parent compound, NPP itself, is prepared 

from nitromethane and formaldehyde through the 

nitropropane-diol 4. Thus, other synsnatrically 

shstituted derivatives should also be accessi- 

ble from nitromethane and other aldehydes. We 

prepared the cyclohexene analogues 7b and 7c of - - 
NPP from the known nitrodiol zwhich is readily 

made as a single trans,trans-diastereomar from 

nitroemthane and glutaric dialdehyde 7). Behy- 

dration of 2 with DCC8) gives the nitroallylic 

alcohol 7a which is converted to those NPP- - 
analogues. Similarly, the suitably substituted 

indenes g are prepared from nitromethane and 

phthalic dialdehyde. Unsyaxnetrlcally slrbsti- 

tuted 2-nitro-1.3-propane-diols are less readi- 

ly available. They result from nitroaldol ad- 

ditions of nitromethane to two different alde- 

hydes'). A product (5) of this type, made from 

nitromethane, formaldehyde, and benzaldehyde. 

is the intermediate of an industrial process 

for the synthesis of the antibiotic chloroam- 

phemicol"). Esterification of both OH-groups 

of 5 to a di-pivalate and elimination gives the 

phenyl-NPP 2 of E-configuration. 

C) Allylic Hydrovlation of Nitroolefins 

with Borrble-bond Shift, Using a Seleniun Reagent 

Being electrophiles themselves, nitroolefins 

are normally not subject to attack by other 

electrophiles. In contrast, they are typical 

nfchael acceptors for nucleophiles 5JlJ2)* Only 

the most reactive electrophiles such as bro- 

mine") and mercury(II)acetate2) have been ad- 

ded to nitroolefins. Since we wanted to prepare 

pivalates of nitro-allylic alcohols, we first 

tried to add the phenylseleno-group 13) and a 

pivaloyloxy-group across nitro-olefinic double 

bonds. Even with silver pivalate, the reaction 

10 

I 

PhSeCl 

CF&OC% 

H 

did not proceed. We therefore first added phen- 
1416) 

ylselenyl chloride/silver trifluoroacetate 

to nitroolefins 10. The resulting trifluoro- - 

acetates 11 were solvolyzed to give a-phenylse- - 

lenyl-B-hydroxy-nitroalkanes 12. These in turn - 

were treated with hydrogen peroxide to induce 

the elimination of the phenylselenyl group 17-19) . 
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As usually this elimination occurred reglose- 

lectively, away from the hydroxylated carbon 

atom'*), to give the allylic.alcohols 13. The - 

intermediate seleno-compounds 12 can be iso- - 

lated, purified, and characterized. In contrast 

to the analoguous addition to acrylate 15), the 

present reaction is totally regioselective (by 
1 H-NMR anab’sis).Both, 11 and 12, are single - 

diastereomers if configurationally pure nitro- 

olefins 10 are employed. We assw that the - 

normal "trans*-addition to the double bond 

takes place"). It is also possible to do the 

three steps leading from the nitroolefins 10 - 

to the allylic alcohols 13 without purification - 

of intermediates. The overall yields are bet- 

ween 50 and 70 I, and the R1/R2-groups with 

which the process was carried out are specified 

underneath the fomualae in the accompanying 

flew sheet. The olefin 13e with R2 t H, is iso- 

lated as pure E-isomer 2V . Since the starting 

materials, the nitroolefins lo, are prepared 

from aldehydes R'CHO and nitroalkanes 

R2CH2CH2N02 by nitroaldol condensation 8.21) as 

indicated by the dotted line in the form&z, 

the hydroxylation with double bond shift pro- 

vides products 11 which are formally derived - 

from aldehydes and nitrovinyl-dl-reagents, 

hitherto not available as such 1922) . 

0) BF,*Etherate Induced Pivaloylation of 

Nitroallylic Alcohols 13 Under Conditions of - 

Kinetic or Thermodynamic Control 

Due to the high reactivity of NPP-type nitro- 

olefins. the pivaloylation of alcohols 13 is - 

not possible under the standard conditions, 

using an acylating reagent and a base. Since 

nitroolefins are generally much more stable in 

the presence of acid, we employed pivalic an- 

hydride and boron trifluoride etherate 23) for 

converting the alcohols 13 to esters 14. If - - 

this reaction, which is performed in the an- 

hydride as a solvent, is carried out at roc+-n 

temperature, the two isomeric allylic alcohols 

13d and 13e were esterified selectively to the -- 

pivalates 14d (70 X) and 14e (70 X), respecti- - - 

vely. We noticed, however, that the ester 14d - 
of the secondary alcohol rearranged slowly to 

the ester 14e of the primary alcohol on pro- - 
longed treatment under the reaction conditions. 

13d 

N4 w Y 
f 

W9 

14d 

N4 

A 
C&b 

10e 

NO-2 
PlvO 

+ 
cd% 

14e 

15 

At BO'C the secondary alcohol was converted di- 

rectly to the ester of the primary alcohol 

(67 X). The observed 1.3-shift of the oxygen 

function may be taking place through a concer- 

ted 13.31-sigmatropic shift following the 

scheme of the chfsen-Cope rearrangement, see 

Is, with formation of the thermodynamically 

more stable producte4) which has a terminal 

OPiv-group and E-configuration. Thus, the more 

highly substituted nitroolefin 10d can be used - 
as a starting material for both NPP-type prod- 

ucts 14d and &, with terminal and internal - 

double bond, respectively. Nitroolefins of type 

10d with trislrbstituted double bonds are pre- - 

pared tegioselectively from nitroalkanes and 

aldehydes under certain conditions. In a con- 

venient procedure, the dehydration of the in- 

termediate nitroaldols is achieved with dicyclw 
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8) heXyl-carbodiimide under Cu(I)-catalysis . 

E) Additions of Nucleophiles to the Iso- 

merit Nitro-heptenyl-pivalates 14d and 14e --- 

In order to prove the viability of the concept 

of using isomeric NPP-derivatives as selective 

coupling reagents4) , we have added a nutier of 

nucleophiles to the nitroolefins 14d and 14e. -- 

In each case, the two nitroolefins were al- 

lowed to react with the nucleophile under iden- 

tical conditions. 'Jery similar yields of the 

isomeric products of nitroallylation were ob- 

tained with the more reactive nucleophiles such 

as butyllithiun (+ 16, 17) and the lithium eno- 

lates of cyclopentanone (+ 18, l9) and of cyc- 

lohexanone (+ 20, 21). The higher reactivity of - 

the NPP-derivative 14d with terminal double - 

bond as compared with the isomer 14e with tri- - 

substituted double bond, coupled with a lower 

reactivity of the product from the former re- 

agent is responsible for the good yield of 22 - 

N4 

* 

N4 
PiV NUZlsophlh PIVO n 

CA 
+% 

14d 14s 

Yield Yield 

obtained from 14d and N-methyl-indole.as com- - 

pared with the poor yield of 23 from 14e and - - 
the same nucelophile. - The products.16, Is, 

20, 22 with trisubstituted double bonds are - 

isolated as single diastereomers with E-confi- 

guration of the double bond2'). 

F) Nitroallylations with the Reagents 1, 

8, a@ 226) 

The 2-nitro-2-cyclohexen-l-y1 pivalate 7b re- - 

acts in good (63 %) to excellent (92 %) yields 

with various nucleophiles. Obviously, it is a 

much more reactive electrophile than the parent 

nitrocyclohexene itself26). Products were iso- 

lated after addition of butyllithium (+24), 

phenyllithium (+g), 2-lithio-2-phenyl-1,3-di- 

thiane (+26_), and N-methyl-aniline (+ 27). In - 

contrast to NPP (1). 7b does however not react - 

with N-methylindole even at 8O'C; only with the 

more reactive I-chloro-2-nitro-2-cyclohexene 

(7c), the reaction takes place to give the ad- 

duct 28 in 47 % yield. - 

The indene derivative gwas the only rela- 

tive of NPP to which a stepwise addition of 

two different nucleophiles did not appear to be 

16 17 

22 23 

feasible: only the adduct 29 of two t-butyl ace- - 
tate enolates could be isolated! Phenyl-NPP (2) 

reacts with enolates to give exclusively prod- 

ucts (30, 31) of phenyl-nitro-allylation. Also, - 
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when conbined with butyllithium, 2 gave a 92 % 

yield of the 3-phenyl-2-nitro-1-heptene (32), 

to which the silyl enol ether of cyclohexanone 

was added as a second nucleophile, with an 

in-situ Nef reaction 27) (+s). Finally, the 

product 34 of a Dfels-Alder reaction was iso- - 

lated in 89 % yield after reaction of 32 with - 
2.3-dimethyl-1.3-butadiene. 

G) DISCUSSION AND CONCLUSIONS 

It is demonstrated, that the useful properties 

of 2-nitro-2-propen-l-y1 (2.2-dim&hyl)propion- 

ate (NPP. l_) as coupling reagent for highly 

convergent syntheses are also present in deri- 

vatives with conjugative (g. 9) and non-conju- 

gative (1, 14) substituents, see the products - 
16-34. The oxo-selenation of nitroolefins is -- 
introduced as an effective means of preparing 

nitroallylic alcohols (13) from simple nitro- - 
olefins (10). This key reaction allows an over- - 

all regiojelective allylic pivaloyloxylation of 

nitroolefins. The access to either constitutio- 

nal isomer by the selenium-based process is an 

important improvement for the application of 

NPP-type multiple coupling reagents: As we have 

shown previously 4) , the sequence of addition of 

different nucleophiles can not be arbitrarily 

chosen; it is advantageous, and somtimes only 

possible to add the more reactive nucleophile 

first; thus, the two isomeric products are not 

equally well prepared from the same substituted 

nitroallylating reagent by just interchanging 

the sequence of addition of Nu' and Nu2. As is 

outlined in the accompanying scheme, the two 

constitutional isomers 35 and 36 can now be -- 

prepared from the two isomeric NPP-derivatives, 

using the same sequence of addition of Nu' and 

Nu2. 

Nl? @9 pgpJ 
R 

36 36 

The reactions of NPP derivatives with tri- 

substituted double bonds, such as 9 and E, 

prove unambiguously that the nitroallylations 

do not occur by direct SN2-substitution, see 

37. Our growing experience with these reagents - 

makes us believe that with the most reactive 

nucleophiles such as organolithiun compounds 

and ltthiun enolates the "stop and go* mech- 

anism, see 38, is followed, while we cannot ex- 

clude the SNi'-route (3!J with the less reac- 
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tive nucleophiles such as enanimes, anilines or 

indoles. 

37 38 39 

42 43 

41 

The formation of the thermodynamically 

more stable products with E-configuration from 

the NPP-derivatives with terminal double bond 

is also compatible with both mechanisms, see 

40-43. The intermediate nitronate 40 with free -- - 

rotation around the single bond would be ex- 

pected to eliminate the pivalate group to give 

the more stable product. But also in the tran- 

sition states of SN2'-substitutions with anti- 

qeriplanar (41)4) . 281 

or with staggered'(~~h2gSY~~~~~:~~g~~. 

the repulsion between the nitro- and the 

R-group is expected to favor the formation of 

the E-product. 

H) EXPERIMENTAL 

General remarks. Kelting points and boil- 

ing points are uncorrected. M.p. were deter- 
mined on a Bilchi 510 m.p. apparatus. B.p. are 
air-bath-temperatures during Eugelrohz distil- 
lations in a BUchi GER-50 apparatus. Spectra 
were recorded with the following instruments: 
IR: Petkln-Elmer-spectrometer 297r 

1 
H-NMR: Varian-EM-390 (90 MEx), V ian-XL-100 
(100 MRZ) and &.iker (300 MSZ)l LWR: va- 
rian-CF%20 (20 !&is), MS: Hitachi Pe kin-lllmer- -f 
IMUdU. IR data are presented in cm . NMR 
spectra were recorded with (CB314Si as internal 

The diastereomeric composition 
) of crude products was determined by 

C-NMR and/or by capillary CC, using a 
13.5 m SE-54 or a 19 m Pluronic I.64 column. AL1 
reactions involving pi derivatives were carried 
out under anhydrous conditions in an argon at- 
mosphere. Flash chromatography was performed 

to the method described by W.C. Still 
Nitroolefins 10 were prepared from 

aldehydes and nitroalkanz by2f+uo~~~~~~~ent 
lized nitroaldol condensation 
dehydration with diqfohexyl-carbodiimide 
under Cu(I)-catalysis . 

2-Nitro-2-cyclohexen-l-cl (7a). A mixture of 
30 g (189 mmol) nitrodiol 2 T, 42.3 g (205 
mool) dicyclohexenyl-carbi~de and 620 mg 
Cu-U)-Cl in 130 ml dioxan was stirred in the 
dark at room temp. during 24 h. The mixture was 
diluted with 150 ml CC1 
The precipitate was fil & 

and cooled to O'C. 
red off and the sol- 

vent removed on vacua. Flash chromatography 
(CC14/t4eOH 9:l) (ca. 5 g crude product pro 
chromatography) gave 16.2 g (61 %) 7a as a pale 
brown oil. IR (CC1 
1740 v, 1665 w, 

): 36po m, 3520 E 2960 m, 
15 0 8. Ii-NMR (CDCl ): 4 

3 
6 7.31 

(t, J - 3 ID?, 1 A); 4.75 (bt, 1 R)i .40 (bs, 
1 H)i 2.82 (m, 2 H), 1.60-2.10 (m, 4 a). 

2'-Nitro-2 '-cyclohexen -I'-yl 2,2-dlmsthylpro- 

panoate (7b). A mixture of 7.6 g (53.1 mm011 
2-Nitro-2&zlohexen-l-01 (7$, 40 ml pival&c 
anhydride, 1 ml BFj- OEt2 was heated at100 C 
during 0.75 h. The anhydride was evaporated at 

60°C and 0.1 nrm Eg and the residue purified by 
flash chromatography (AcOEt/CB2C12 1.5:8.5). 
Distillation (80°C/10-5 am Hg) gave 9.1 g (94 %) 

7b as a yellow oil, which slowly crystallised 
at -2OOC. M.p. 22OC. IR 
1730 s, 1670 w, 1520 s. 
(t, J = 3 Hz, 1 Ii11 5.87 
2 Ii); 17.-2.2 (m, 4 H)# 1.18 (8, 9 El. MS m/e: 
181, 126, 125, 77, 41. (Found: C, 58.23; Ii, 
7.45; N, 6.32. Calc for CllR17N04: C, 58.141 
B, 7.54; N, 6.16.) 

6-Chloro-l-nitrocyclohexene (7C). A solution of 
3.8 g (265 mmol) 7a and 25 g E46 -1) SO Cl 
in 50 ml of benzene was reflwed for 0.75 2. 
The solvent was removed on vacua and the resi- 
due purified by flash chromatography (Ui2Cl / 
AcOEt 9:ll. Yield: 3.53 g 7C (82 0). An ana y- 2 
tical sample was obtained by distillation. B.p. 
50°C/10-5 am Hg.lIR (CC1 1: 2960 m, 2880 m, 
1670 m, 1530 s. B-NMR ( & 14): 6 7.36 (m, 1 H); 
5.21 (bs, 1 H)i 1.8-2.6 (m, 6 al. K.3 m/e: 163, 
161, 125, 79, 41, 36. (Found: C, 44.511 Ii, 4.87; 

N, 8.48. Calc for C6B8%W2C1: C, 44.601 Ii. 4.99; 
N. 8.67.) 

2-Nltro-3-pivaloyloxyindene (8b). A mixture of 

2 g (11.3 nm~l) 8a “I"' 10% pivauc an- 
hydride and 0.3 zBF3.0B;2 was heated at 80°C 

during 1 h. The anhydride was evaporated at W 
during 30 h. The solid residue was dissolved in 
5Oml pentan, charcoal was added and the mix- 
ture was refluxed for 5 min. The solution was 
filtered and concentrated at reduced pressure. 
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This gave 1.65 g (56 $1 yellow crystals. An 
analytical sample was obtained by recrystalli- 

sation from pentan8.M.p. 82-H3°C. IR (CEiCl ): 
3030 m, 299 6, 1735 8, 1615 m, 1605 m, 15 L 

8, 1510 s. H-NMR (CLXX ): 6 7.86 (s, 1 El; 

7.55-7.35 (m, 4 611 6.7 3 (8, 1 Hlj 1.22 (8, 
9 H). MH m/e: 261, 215, 187, 57, 41. (Found: 
C, 64.52j 8, 5.771 N, 5.32. Calc for C14E15N04: 
C. 64.36; 8, 5.791 N, 5.36.) 

Z-Nitro-3-chlorindene (8~). A solution of 4.8 g 
(27.1 awl) 8a and 25 ~(245.8 mmol) F&Cl in 
50 ml of benzene was refluxed during 2 f. The 
solution was concentrated at reduced pressure 
and the residue crystallised from benzene/pen- 
tane. Recrystalllsation from ether/pentane 
(charcoal) gave 2.6 2 (40 %) g as green-yellow 

crystals. M.p. 94-95 C. IR (CRC1 ): 
1612 m, 1605 m, 1575 s, 1515 s, ? 

30801w, 
465 m. H-NMR 

(CDCl ): 6 7.86 (s, 1 El; 7.70-7.30 (In, 4 kil; 
5.64 7s. 1 a). MS m/e: 197, 195, 149, 114, 36. 
(Found: C, 55.11; 8, 3.12; N, 7.091 Cl, 18.20. 
Calc for C R No Cl: C, 55.26; 8. 3.09; N, 
7.161 Cl, ?8613?, 

2'-Nitro-3 '-phenyl-3'-pivaloyloxy-l'-propyl 

2,2-dimethylpzwpanoate. A suspension of 200 g 
(1.014 mol) 6(Ll in 400 ml of CR ~1 was re- 
fluxed and 366 g (3.042 mol) of &v&c chlor- 
ide were slowly added with vigourous stirring. 
The HCl-evolution was monitored by a bubbler. 
After 7 h no more HCl was formed and the mix- 
ture was cooled and allowed to stand for 12 h 
at room temp. The solvent and excess pivalic 
chloride were removed by evaporation. The so- 
lid residue was dissolved in 1.5 1 CH2C1 , 
washed successively with 0.2 M k&OH-solu E ion 
(3x100 ml) and water until the acqueous layer 
was neutral. The crude product (358 g/97 $1 
was isolated as yellow crystals. M-p. 69OC. 
1" (CSCl 1: 3040 m, 2970 m, 1730 s, 1560 s. 
H-NMR ( DC1 1: 6 6.15 (d, J = 10 HZ, 1 R); 
5.18 (IO, $? 1 E ; 4.19 (d, J = 6 Liz); 1.13 (s, 

18 H). 

E-2'-Nitro-3'-phenyl-2'-propen - I'-yl 2,2-di- 

methylpropanoate (9 . A mixture of 12 g 
(32.9 nnnol) of 2'-nitro-3'-phenyl-3'-pivaloyl- 
oxy-l'-propyl 2,2_dimethylpropanoate and 4.03 g 
(49.21 mmol) of sodium acetate in 86 ml of 
ether were vigorously stirred at room temp. for 
19 h. The sodium acetate was filtered off and 
the filtrate was washed (1) with NaRC03-solu- 
tlon and (21 with water and dried over MgS04. 
The solvent was removed under reduced pressure. 
Recrystallistion from Et O/pentane 
(95 %) 2 as yellow crysta s. M.p. 3 

% 
ave18.64 g 

69 C. Ii-MMR 
(CDC13): 6 8.35 (9, 1 H)j 7.50 (6, 5 H); 5.20 
(5, 2 Hlj 1.21 (s, 9 a). MS m/e: 262, 218, 217, 
57, 41, 18. (Found: C, 63.721 H, 6.541 N, 5.36. 
Calc for C14H17ti04: C, 63.07; 8, 6.511 N, 
5.32.) 

Addition of benzeneselenyl trifluoroacetate to 
nitroolefins 

General prodecure. A 10 nmuol run is described. 
To a suspension of 10 nnnol silvertriflwroace- 
t-ate in 20 ml of CH2Cl under argon was added 
a solution of 10 nmjol 2 enzeneselenyl chloride 
in 5 ml of CH2C12. A precipitate of silver 
chloride and a yellow/orange solution resulted. 
To this mixture was added 10 nmol of the nitro- 

olefin. After 3-24 h stirring by room temp., 
the haterogenous solution was filtered through 
celite and the solvent removed 

f 
n vacua. The 

resulting compound was pure by Ii-MMR. The 
&trifluoroacetoxy nitroselenides could be pu- 
rified neither by chromatography nor by distil- 
lation and were directly hydrolysed to the COIC 
responding B-hydroxy nltroselenides. 

2-Nitto-2-phenylselenopropyl-trifluoroacetate 

(lla). From 0.435 g (5 nxnol) of 2-nitropropene, 
1.105 g (5 assol) of silvertrifluoroacetate and 
0.935 g of benzeneselenyl chloride 1.73 g 
(97 %) of )la was obtained as a yellow-orange 

oil. IR (FG): 1795 s, 1495 8, 1470 w, 1225 s, 
1150 s.lH-NMR (ClXl ): 6 7.70-7.40 (m, 5 H); 
4.95-4.60 (AS syst.: J = 12 Hz, 2 Hlj 1.94 
(s, 3 a); MS m/e: 357,911, 309, 157, 43. 

l-Methyl -2-Ni tro-Z-phenylseleno-propyl-tri- 
fluoroacetate (llb). From 2-nitro-2-butene 
(0.850 g/8.4 g (mixture of cis/fxans iso- 
mers ca. 1.5:1), 1.620 g (8.4 mm011 of ben- 
zeneselenyl chloride, 1.850 g (8.4 mm011 of 
silvertrlfluoroacetate 2.962 g (8.05 nmo1/96 %l 
of llb was obtained as yellow oil. Two diaste- 
reo=s were obtained in ratio ca. 1.4:1. IR 
(Film): 
1160 s. 

j060 w, 3000 w, 1795 s, 1550 s, 1230 s, 
E-NMR (CDC13): 6 7.61-7.35 (m, 5 El; 

5.71 and 5.63 (q, J - 2 Hz, 1 H)j 1.88 and 

1.78 (s, 3 8); 1.66 and 1.41 (d, J = 2 Hz, 
3 Ii); MS m/e: 371, 324, 156, 154, 43. 

I-Ethyl-2-nitro-2-phenylseleno-pzvpyl-tti- 

fluomacetate (11~). Treatment of 7 g (60.8 
nm~l) of 2-nitrx-pentene with 61 nnnol of 
PhSeO CCF (prepared as usual) gave 22.65 g 
(97 %f Of311C as an orange oil. IR (Film): 

298p m, 1795s, 1545 9, 1440 s, 1220 9, 1150 
8. R-MMR (C0C13): 6 7.70-7.30 (m, 5 H)j 
5.80-5.60 (m, 1 H); 1.86 and 1.75 (s, 3 H)i 
1.80-1.60 (m, 2 H); 1.10-0.90 (m, 3 El. 

I-(l'-Nitm-l'-phenylseleno-ethyl)-pentyl-tri- 

fluoroacetate (lld). From 10.73 g (75 sunoll of 
2-nitro-2-heptene'and 80 nmpl of PhSe02CCF 
29.67 g (96 PI) of lld was obtained. IR (Fi m): 3 

2980 m, 1790 s, 1540s. 1220 s, 1150 bs. H- 
NMR (C!X13): 6 7.70-7.24 (m, 5 Hlj 5.88-5.66 
(m, 1 Hlj 1.85 and 1.73 (8, 3 H); 1.90-1.70 
(m, 2 Hlj 1.50-1.15 (m, 4 Hlj 0.95 (t, 
J = 5 Hz, 3 El. 

2-Nitro-2-phenylseleno-heptyl-trifluoroacetate 
e). From 7.15 g (50 rrmoll of 2-nitro-l-hep- 

tene and 52.5 llmol of PhSeO CCF) 20.2 g (98 %) 
of lie was obtained as a pa e yellow oil. IR 3 
(FiG: 2980 m, 1791 s, 1550 s, 1340 s, 1225 
s, 1170 s, 1150 s. H-NMR (CIXX 1: 6 7.70-7.20 

(m, 5 Hlj 4.88-4.60 (AR syst., 3 
2 Hlj 2.24 (bt, J = 7 Es, 2 H)j ~7k~.~~'(bm, 
6 8); 0.88 (bt, J = 4 Ez, 3 H). 

l-(l-nltm-l-phenylseleno-ethyl)-hexyl-tri- 
fluoroacetate (llf). From 2.35 g (15 nmol) of 
(El-2-nitro-l-ozne and 15 mnol of PhHeO CCF 
5.95 g (93 %l of llf was obtained ae a siigle3 
diaster-r. IR (Pilm): 29p m, 1795 s, 1550 
s, 1225 s, 1175 s, 1150 s. B-NMR (~1~): 6 
7.70-7.25 (m, 5 Elj 5.86-5.70 (dxd, J = 9 Es, 

=2 
- 1.5 Es, 1 H); 0.87 (bs, 5 H)j l.l5-1.20 

(bs, 6 Ii), 0.90 (bt, J = 6 HZ, 3 8). 
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2-Nitro-2-phenylseleno-cyclohexyl-trifluoroace- 
tata (llg). From 0.635 (5 mml) of l-nitrocyc- 
lohexene, 0.965 g (5 ussol) of benzeneselenyl 
chloride, 1.10 g (5 axwl) of silvertrifluoro- 
acetate, 1.88 g (95 %) of ~was obtained. IR 
(Film): 295p m, 1790 8, 1545 s, 1225 ba, 1170 
s, 1150 8. B-NUR (CDC13): 6 7.70-7.30 (m, 
5 Hlj 5.73 (bs, 1 Hlj 2.50-1.50 (m, 8 H). MS 
m/e: 396, 350, 236, 157, 46. 

General procedure for the hydrolysis of the 
trlfluoroacetate group to the nitroselenoal- 
kanols(12). 

Method A: Eydrolysis of primary trifluoroace- 
tate. A 10 rrmol run is described. 10 nmol of 
the corresponding trifluoroacetate was stirred 
in S-10 ml methanol for 20-24 h. The solvent 
was removed on a rotatory evaporator and the 
residue was purified by crystallization or 
flash chromatography. 
Method B: Sydrolysis of secundary trifluoro- 
acetate. A 60 -1 run is described. To a so- 
lution of 60 axno of the corresponding tri- 
fluoroacetate in 200 ml methanol was added a 
solution of 2.5 g NaliCO 

b 
in 50 ml water. Stirr- 

ing was continued for 1 50 min. After adding 
of 50 ml water, the reaction mixture was ex- 
tracted with 3x200 ml CR Cl . The organic 
layer was dried over & hd filtered. The 
solvent was removed by robtory evaporator and 
the residue was purified by crystallization or 
flash chromatography. 

Note: The crude product of the hydrolysis can 
be directly oxidised to the hydroxynitroolefin, 
thus improving the overall yield, since the 
selenides were found to decompose partially 
during purification by silicagel flash chroma- 

tography. 

2-Nftro-2-phenylselempropan-l-al (12a). Metha- 
nolysis (Method A) of the crude llayve after - 
recrystallization from ether/pentane 12a in 
90 % yield (from 2-nitropropene). M.pT2-74°C; 
IR KBr): 
m. LNUR :ElyI E07Z7fZ0(l: :'g;";.Z 

3.85 (AB syst.,3J = 12 HZ, 2 a); 1.95 (9, 
1 El; 1.82 (8, 3 8. MS m/e: 261, 244, 243, 
157, 43, 18. (Found: C, 41.57; 8, 4.261 N, 
5.38. Calc for CgEll~03Se: C, 41.551 8, 4.261 
N, 5.38.) 

3-Nitm-3-phenylseleno-butan-2-A (12b). Eydro- 
lysis (Method B) of the crude llb gz after 
flash-chromatography (ether/peGlether 1:3) 
12b in 70 0 yield from 2-nitro-2-butene. IR 
(Film): 35pO bm, 1570 m, 1535 s, 1440 m, 740 
s, 695 s. E-NMR (CLXl ): 6 7.72-7.20 (m, 5 Elj 
4.60-4.20 (m, 1 Hlj 3. 0 ? (bs, 1 Hlj 1.70 and 
1.56 (8, 3 8); 1.35 and 1.25 (d, J = 6 Hz, 
3 Ii). (Found: C, 44.141 ii, 5.101 N, 4.65. Calc 
for C10E13N03Se: C, 43.811 R, 4.781 N, 5.11.) 

2-Nftro-2-phenylseleno-pentan-3-ol (12C). Ey- 
drolysis (Method B) of the crude llC<ve 12C 
in 93 0 crude yield from 2-nitro-~&zane~ 
The product was oxidised without further puri- 
fication. IR (Film): 3500 bm, 1580 w, 1540 8, 
1480 m, 750 s, 700 m. LjMR (CDCl ): 6 
7.70-7.18 (m, 5 Ii)j 4.15-3.92 (m, 3 H) j 2.92 

(bs, 1 Hjj 1.90-1.30 (m, 2 E)j 1.70 and 1.60 
(9, 3 E)j 1.02 (t, J = 6 Iiz, 3 H). 

2-Nitro-2-phenylselem-heptan-361 (12d). nydro- 
lysis Wethod 8) of the crude lld garl2d in 
95 0 crude yield from 2-nitro-zeptenex 
analytical sample was obtained by flash chroma- 
tography (ether/pentane 1:6). IR (Film): 3100 
bm, 2980 s, 2950 8, 1535 8, 740 8, 690 m. H- 
NHR (CDC13): 6 7.70-7.32 (m, 5 Elj 4.26-4.05 
(m, 1 Ellj 2.55 (bs, 1 Hlj 1.70 and 1.62 (6, 
3 El; 1.60-1.15 (m, 4 Ii)j 1.06-0.80 (m, 3 El. 
MS m/e: 316, 314, 157, 69, 57, 43, 18. 

2-Nitro-2-phenylseleno-heptan-l-01 (12e). 
Methanolysis (Method A) of crude Tie G 12e 

in 98.9 % crude yield from 2-nitrz-hepte; 
IR Film): f 3450 bm, 1535 s, 1440 m, 745 s, 695 
m. B-NMR (COCl ): 6 7.65-7.10 (m, 5 Hlj 4.00 
(s, 2 H); 2.80 is, 1 Elj 2.20-1.90 (m, 2 H)j 
1.65-1.05 (m, 6 El; 0.82 (tb, J = 6 Hz, 3 a). 

2-Ni tm-2-phenylseleno-octan-3-ol (12f). Jiydro- 
lysis (Method B) of the crude llf g= after 
flash chromatography (ether/peglether 1:6) 
12f in 75 0 yield from 2-nitro-2-octene. IR 
Film): f 3480 bm, 2960 8, 2940 8, 1540 8, 745 m. 
H-NMR (CDCl 1: 6 7.65-7.22 (m, 5 H)j 4.25-4.06 
(m, 1 Hlj 2. 3 4 (bs, 1 Elj 1.90-1.60 (m, 2 H)j 
1.66 (8, 3 Rlj 1.50-1.15 (m, 6 Hlj 1.05~j.80 
(m, 3 H). MS m/e: 314, 185, 157, 55, 43, 18. 
(Found: C, 51.49; H, 6.65; N, 4.09. Calc for 

C14H21N03Se: C, SO.911 H, 6.4lj N, 4.24.) 

2-Nitro-2-phenylseleno-cyclohexanol(~). Hydro- 

lysis of crude B gave after recrystallization 
from ether/pentane 3 as pale yellow crystals. 
Yield: 80 % from 1-nitrocyclohexene. IR (KBr): 

4 
380 bs, 2970 m, 2960 m, 1535 s, 745 s, 695 m. 
B-NW7 (CnCl l: 6 7.60-7.20 (m, 5 El; 4.32-4.12 

(m, 1 R); 3.28-2.80 (bs, 1 Hlj 2.3e1.20 (m, 
8 al. MS m/e: 314, 157, 70, 57, 44, 28, 18. 
(Found: C, 48.23; Ii, 5.37, N. 4.47. Calc for 

C12H15R03Se: C, 48.01; 8, 5.04; N, 4.67.) 

General procedure for the oxidative elimination 
of the phenylseleno group to afford the nitro- 
allylic alcohols 13 -* 

A 10 mmol run is described. To a yellow-orange 
solution of 10 nmol of the nitrophenylselenoal- 
kanol 12 in 60 ml TEF was ad&d 100 nrmol 35 % 
E O2 
z 

solution (* 10 ml) at O°C over a period of 
1 min. After 20 min. the cooling bath was re- 
moved and the solution allowed to warm up. When 
the mixture reached 20-2S°C, bubbling occured 
and the mixture warmed rapidly up (use caution 
in large scale reaction). The reaction flask 
was cooled in the ice bath until the temp. of 
the solution returned to ca. 10°C, at which 
point the bath was removed again and stirring 
was continued for 30 min. at room temp. The 
mixture was poured into 60 ml ether and extrac- 
ted twice with 30-50 % acq. NaliC03, with B20 
and brine. After drying over RgS04 the solvent 
was removed in vacua. Flash chromatography or 
distillation gave analytically pure products. 
The crude product of the oxidative elimination 
can be pivalated without further purification. 

2-Nf tro-2-propen-l-o1 (13a). From 540 mg (2.07 
anaoll of 12a and 2.3 mlof359 H 0 (ca. 20 
amjol) 180; (84.5 %) of 12a IV= 20&_ained after 
Kugelrohr distillation. Bx lOO-120°C/15 llp~ 
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5.93 (bs, 1 a); 4.56 (s, 2 E)j 2.75 (8, 1 HI. 

2-Nitro-1-pmpsn-l-01 (E). Treatment of 
890 mg (3.25 nmol) of 12b 3.2 ml of 35 8 E202 

(ca. 30 -1) gave aftFflash chromatography 
(ether/petrol&her l:l.5) 230 mg (61 %) of 13b 
as a pale yellow liquid. IR (Film): 34p bm, 
2980 m, 1520 s, 1350 8, 960 m, 880 m. E-NMR 
(cDc13): 6 6.55 (d, J = 3 Hz, 1 H); 5.90 (bs, 
1 H); 5.02-4.80 (m, 1 H)j 2.78 (bd, J = 4.5 Hz, 
1 H)j 1.48 (d, J = 6 Hz). KS m/e: 116, 102, 43, 

18. 

2-Nltro-l-penten-3-o1 (E). Treatment Of 

14.0 g (48.6 mmol) of 12C with 45 ml of 35 % 
E o (ca. 43 -1) in M0m.l of TEF gave after 
f?dh chromatography (petrolether/CE2C12/MeOB 
lO:5:0.5) 3.3 g (51.8 % from 2-nitro-2-pentene) 
of 13~. B.P. 60-7o°C/o.01 w EG. IR (Film): 
34Fbm, 2960 s, 2940 s, 1520 s, 1460 m, 1350 
s. Xi-NHR (CDc13): 6 6.55 (d, J = 2 Hz, 1 E)j 
5.30 (bs, 1 H)j 4.66 (t, J - 6 Ez, 1 B)j 2.96 
(s, 1 H) j 1.92-1.60 (m, 2 El)j 1.00 (t. J = 6 
Bz, 3 a). MS m/e: 102, 85, 57, 44, 41, 18. 
(Found: C, 46.25j H, 7.301 N, 10.61. Calc for 

C5HgND3: C, 45.79j H. 6.921 N, 10.68.) 

Z-Nitro-l-hepten-3-ol (z). From 10 g crude 
12d and 21 ml of 35 % B202 (ca. 30 -1) 3.4 g 
(68 % from 2-nitro-2-heptene) of 13d was ob- 
tained atter_tugelrohr distillation. B.p. 
60-7o°C/6.10 nm~ A?. IR (Film): 3440 bm, 2960 
s, 1700 w, 1525 s. E-NMR (CDcl ): 6 6.52 (d, 
J = 2.5 HZ, 1 H); 5.88 (bs, 1 H ? ; 4.62 (t, 
J = 6 Hz); 3.52 (8, 1 li)j 1.90-1.60 (m, 2 H); 
1.58-1.20 (m, 4 H)j 0.90 (t, J = 6 Hz, 3 H). 
MS m/e: 113, 102, 57, 43, 41, 18. 

2-Nitro-2-hepten-l-01 
128 and 45 ml of 35 % 

(E). From 14.1 g crude 

E O2 6.42 g (60 % from 
zitro-1-heptene) of 1 3 e was obtained. Flash 
chromatography (petrol~er/CR2C12/MOH 
l0:5:0.5) gave an analytically pure sample. IR 

(Film): 3400 bm, 2960 s, 1750 m, 1660 m, 1520 
s. H-NMR (CCC1 ): 6 7.28 (t, J = 9 Ez); 4.55 

(9, 2 R); 2.84 ? brs, 1 H); 2.50-2.22 (4-line 
syst., 2 E)j l-70-1.15 (m, 4 H)j 0.93 (t, 
J = 6 Ez). MS m/e: 142, 95, 57, 43, 41, 18. 
(Found: C, 53.55; 8, 8.35; N, 8.38. Calc for 

C7H13N03: 
C, 52.821 8, 8.231 N, 8.80.) 

2-Nitro-l-o&en-3-ol (13f). Treatment of 530 mq 
(1.60 rrmol) of 12f withl.6 ml of 35 % H 0 
(ca. 16 nrmol) gave after flash chromatogzaihy 
(ether/pentane 1:1.5) 200 mg (72 %) of 13f as a 
pale yellow liquid. IR ( ilm): 3430 bm,x60 8, 
2940 s, 1705 m, 1525 s. P 

(d, J = 
H-NMR (CDc13): 6 6.50 

1.5 Hz, 1 H)j 5.84 (s, 1 H)j 4.70 (q, 
J - 6 He. 1 ii); 2.50 (d, J = 6 Hz, 1 H); 
1.85-1.55 (m, 2 a); 1.55-1.20 (bs, 6 Ii); 0.85 
(t, J = 6 Hz, 3 If). (Found: C, 55.301 8. 8.831 
N, 8.21. Calc for C8H15M3: c, 55.471 H, 8.73; 
N, 8.09.) 

2-Nitm-2-cyclohexen-l-o1 (7a). Treatment of 

5 mm01 Of 3 with 5 ml of c % H20 gave after 
flash chromatography (CC14/MeoE 9:1? e in 62 9 
yield. 

BP *EtherAte induced pivaloylation of nitro- 

Z..ylic alcohols 13. 

I-(l'-Nitroethenyl)-pent-l-y1 2,2-dimsthylpro- 
panoate (14d) A mixture of 2.9 g (18.2 -1) 

of 15 ml'of pivalic anhydride and 0.5 ml 
of BF3*OEt2 was stirred at room temp. under 
argon during 7 h ( H-NMR control). The excess 
of the anhydride was evaporated in a Kugelrohr 
apparatus at 6o°C and 0.05 nm~ Hg and the resi- 
due purified by flash chromatography (Ether/ 
pentane 1:13). Yield of pure 14d: 3.1 g (70 8) 
as a yellow oil.lIR (Film): 2970 m, 1740 s, 
1535 s, 1155 s. H-NMR (CDCl ): 6 6.56 (d, 
J= 1.5 HZ, 1 B)j 5.94-5.73 ?m, 2 H), 2.00-1.70 

(m, 2 H) j 1.50-1.20 (m, 4 Ii); 1.23 (6, 9 H); 
1.03-0.80 (bt, J = 6 Hz, 3 H). MB m/e: 197, 
113, 85, 57, 41. (Found: C, 59.451 8, 8.771 
N, 5.59. Calc for C12H21N04: C, 59.241 8, 8.70; 
N, 5.76.) 

2'-Nitro-2'-hepten-l-y1 2,2-dimethylpmpanoate 
(14e\. A mixture of 6.1 cj (ca. 38.3 -1) of 
.-I 

crude E, 20 ml of pivaiic anhydride and 1 ml 
of BF3'OEt was stirred at room temp. under 
argon during 3 h. After evaporating of the ex- 
cess anhydrip, distillation of the residue 
(80-90°c/10- 11110. Hg) gave 6.85 g (73 %) of 148 
as a yellow oil. An analytically pure sampla 
was obtained by flash chromatography (petrol- 
ether/ether 11:l). 
The same product was also prepared by heating 
a solution of 590 mg (3.7 ml) 13d in 3.5 III.I 
pivalic anhydride under BP 'OEt-catalysis at 
80°C during 6-8 h. Flash d romatography and di- 
stillation as above gave 615 mg (67 %) E. IR 
(Fil~p): 2970 s, 1740 s, 1675 w, 1530 s, 1150 
bs. Ii-NMR (CDC13): 7.55-7.70 (t, J = 7 Hz, 
1 H)j 5.05 (s, 2 H)j 2.52-2.22 (m, 2 H)j 
1.60-1.08 (m, 4 H); 1.18 (s, 9 H), 1.05-0.90 
(bt, J = 6 Hz, 3 H). US m/e: 244, 197, 58, 42. 
(Found: C, 59.441 E, 8.841 N, 5.76. Calc for 
C12H21N04: C, 59.24j H, 8.701 N, 5.76.) 

General procedure for the addition of a nucleo- 
phlle to substituted nitro-allylating reagents. 

Method A: Direct addition (a nitroallylating 
reagent solution was added to the nucleophile). 
A 10 nrmol run is described. Unless noted other- 
wise, 10 -1 of a ketone or ester was added 
to a solution of 10.5 mv01 of lithiumdiisopro- 
pylamide (LDA) in 35 ml of dry THF under argon. 
The lithium enolate was formed after ca. 1 h 
stirring at -78OC. Then a solution of the nl- 
troallylating reagent (10 mmol) in 50 ml TBF 
was added within 20 min. through a teflon can- 
nula. After 1-3 h at -78OC the mixture was 
poured into 120 ml of a 2 % acetic acid solu- 
tion and extracted with CR Cl (3x100 ml). The 
organic layer was washed sicc2essively with 
acq. NaBC03-solution (2x100 ml) H20 (2x100 ml) 
brine, dried over MgB04 and filtered. The sol- 
vent was removed on a rotatory evaporator and 
the residue was purified by flash chromatogra- 

@Y. 

Method 8: Inverse additon (the nucleophile is 
added to a nitroallylating reagent solution. 

F$ww 
the previously described techni- 
, a flask A with the metal reagent was 

cooled to between -5OOC and -8OOC. A second 
flask B contained a stirred solution of the 
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nitroallylating reagent (10 ml) in THF (5Oml) 
at -lOO°C and to this the contents of flask A 
were transferred through teflon cannula over a 
period of 15 min. After stirring for 30-120 adn. 
(depending on the nucleophile) at -7E°C, the 
mixture was worked up as above. 

6-Nltro-S-decene (16). Method B. Butyllithium 
(3.5 nmol) and 830 mg (3.41 -1) 14d gave af- 
ter flash chromatography (petroleti</CH cl 
6.5:1) the product 16 (527 s&78%) as a &11$ 
yellow liquid. IR (Elm): 2960 8, 2930 s, 2840 
8, 1515 s, 1335 s, 730 m. H-NMR (CBC13): 6 
7.10 (t, J = 7 Hz, 1 E); 2.60 (bt, J = 6 Hz, 
2 R)j 2.40-2.10 (m, 2 H); 1.70-1.20 (m, 10 a); 
0.95 (m, 6 H). MB m/e: 200, 183, 69, 55, 43, 
41. (Found: C, 66.331 Ii, 10.721 N, 7.10. Calc 
for CllEZlN02: C, 66.291 H, 10.621 N, 7.03.) 

3-Butyl-2-nitro-l-heptene (17). fkthod B. mom 

690 mg (2.8 -1) of 14e anr2.9 nmrol of n-BuLi 
390 mg (70 %) of 17 w;obtained after flash 
chromatography (&Cl /petrolether l:l).lIR 
(Film): 2960 s, 29 0 ?, 1525 8, 1460 m. II-NMR 3 
(CBC13): 6 6.45 (d, J - 1 Hz, 1 E)j 5.45 (bs, 
1 Ii); 3.05-2.75 (q, J - 6 Es, 1 H)j 1.70-1.05 
(m, 12 a); 1.00-0.80 (bt, J - 6 Hz, 6 Ei). MS 
m/e: 200, 156, 95, 69, 57, 41. (Found: C, 66.31j 
El, lo.661 N, 7.07. Calc for CllH21N02: C, 66.24 
H, 10.621 N, 7.03.) 

2-(2 -Nftro-2-heptenyll-cyclopentanone (18). 
Method A. From486 ~llg (2 ml) of 14d and768 mo 

(2 nnnol) of cyclopentanone 335 1475 %) of 18- 
was obtained after flash chromatography (ui2z2/ 
petrolether 1:l). IR (Film): 2950 s, 2920 s, 
1735 s, 1510 s, 1330 s. lii-NMR (CCC1 

i3 
): 6 7.20 

(t, J = 9 Hz, 1 H)j 3.18-2.83 (m, 1 )J 
2.70-1.80 (m, 8 H)j 1.80-1.10 (m, 6 a); 0.90 
(bt, J = 6 Es, 3 Ii). MS m/e: 226, 279, 95, 67, 
41. (Found: C, 63.881 Ii, 8.46j N, 6.18. Calc 

for C12Hlgm3: C, 63.981 8, 8.50j N, 6.21.) 

2-11 -(l - Nitmethenyl)pentyl~-cyclopentanone 

(19). Hethod A. Cyclopentanone (126 mg/l.S mmoll 
and 14B (360 sq/l.48 mnol) gave after flash 

chromatography (CE cl /petrol&her 1:l) 240 rag 
(71.6 %) of 19 (602% b). IR (Fiim): 2960 s, 

2930 s, 1735 8, 1525 8, 1340 m. B-NMR Kill ): 
6 6.56 and 6.50 (d, J = 2 HZ, 1 H)i 5.60-5.4 2 

(m, 1 a); 3.50-3.20 and 3.18-2.80 (m, I E)j 
2.5C-1.10 (m, 13 H)j 0.90 (bt, J = 6 Hz. 3 H). 
MS m/e: 226, 179, 137, 84, 41. (Found: C, 
63.521 8, 8.601 N, 6.03. Calc for C12HlgN03: 
C, 63.971 8, 8.50; N, 6.22.) 

2-(2-Nitro-2-heptenyl)-cyclohexanone (20). 

Method A. From 480 mg (1.97 mnol) of lrand 
196 mg (2 mmol) of cyclohexanone, 38OG (80 0) 
of 20 was obtained after flash chromatography 
(CR?12/petrolether 1:l)l 
2986 

IR (Film): 2940 s, 
8, 1740 s, 1520 s. H-NMR (CBCl ): 6 7.24 

(t, J - 9 Hz, 1 E)j 3.20-2.78 (m, 1 a ); 
2.60-1.05 (m, 16 Ii); 0.95 (bt, J = 5 Hz, 3 H). 

2-[l-(l-Nltroethenyl)pentyll-cyclohexanone 

7211. method A. Cvclohexanone (490 mg/5 uxml) 
z'l4B (1.215 g/5 sseol) gave after flash chro- 
matography (CB2C12/petroether 1:l) 880 to9 
(74 %) of 21 as a 75:25 diastereomsr mixture. 
IR (Film 1: 1960 8, 2940 8, 1705 8, 1650 w, 
1520 8. Ii-NMR 
J = 2 HZ, 1 Ii); 

KBC13): 6 6.54 and 6.47 (d, 
5.54 and 5.50 (d, J = 1.5 Es, 

1 H)j 3.64-3.04 (m, 1 H)r 2.90-1.10 (m, 15 Ii)j 
0.85 (bt, J = 4.5 Ez, 3 Ii). MS m/e: 194, 193, 
98, 41, 27. (Found: C, 65.32j H, 8.791 N, 5.80. 
Calc for: C, 65.24j H, 8.851 N, 5.85.) 

N-Methyl-+(2 -nitro-2-heptenyl)-indole (22). 

A mixture of 364 mg (1.5 nmol) of 14d 
- 

and 
197 mg (1.5 -1) of N-methyl-indocin 7.5 ml 
of benzene was stirred at room temp. for 11 
days. Flash chromatography (CE2C1 /petrolether 
1:2) of the crude product gave 303 mg (75 0) 22 
as a yellow oil. IR (Film): 2960 m, 1660 w, - 
1615 w, 1520 s, 1330 8, 740 s. 'H-NMR (ClXl ): 
6 7.50-7.35 (m, 1 a); 7.20-6.88 (m, 4 E)j 6370 
(6, 1 H) j 3.97 (a, 2 II); 3.58 (s, 3 H)j 
2.50-2.20 (m, 2 8); 1.60-1.20 (m, 4 H); 
1.00-0.80 (m, 3 H). MS m/e: 272, 226, 183, 144, 
95. (Found: C, 70.711 8, 7.601 N, 10.17. Calc 

for C16H20N202: C, 70.561 H, 7.401 N. 10.29.) 

N-Methyl-3-[l-(l-nitroeth~yl)pentyl1-indOle 

(23). A mixture of 364 mg (1.5 aawl) 14B and 
196 mg (1.5 nrmol) N-methyl-indole in 7.5 ml 
beneene was stirred at room temp. for 4 days 
and refluxed for another 4 days. Flash chroma- 
tography of the product mixture, which con- 
tained unreacted N-methyl-indolel mono- and 
diadduct, gave 23 in 20 % yield. H-NMR (CBCl ): 
6 7.50-7.34 (m,-i H); 7.20-6.90 (m, 3 li)j 6. b 
(s, 1 E)j 6.30 (d, J 0 1 Hz, 1 H)j 5.40 (s, 
1 H)j 4.40 (t, J = 7.5 Hz, 1 H)j 3.63 (8, 3 E); 
2.10-1.80 (m, 2 H)j 1.50-1.15 (m, 4 H)j 0.75 
(bt, J = 6 Hz, 3 H). 

6-Butyl-I-nittocyclohexene (24). &thod B. Bu- 
tvllithium (10 nmol) and 2.27 o (10 sxwl) of 
7b gave after distillation (65oCjO.02 mm jig) 
i!?O g (82 %) of 4. IR (CC14): 2950 m, 2860 m, 
1660 w, 1515 8. 4 -NMR (CC14): 6 7.11 (t, 
J = 4.5 Hz, 1 H)j 2.9 (m, 1 E)j 2.30 (m, 2 H)j 
1.90-1.10 (m, 10 H)j 0.9 (m, 3 H). MS m/e: 183, 
166, 137, 79, 41. (Found: C, 66.711 E, 9.43j 
N, 7.64. Calc for CloH17N02: C, 66.54; H, 9.35) 
N, 7.64. 

l-Nitro-6-phenylcyclohexene (25). Method B. A 
solution of 4.94 ml (7.6 nnmlFof BuLi in he- 
xane (1.54 M) was added dropwise to 1.185 g 
(7.55 mnol) of bromobensene in 50 ml of TEF at 
-9OOC. Stirring was continued for 1 h at -9OOC. 
This mixture was then transferred within 20 
min. to a flask containing a stirred solution 
of 1.697 g (7.48 mmol) of 7b in 50 ml of TEF 
at -loO°C. Usual workup gave 1.34 g (89 %) 25. 
M.p. 5El°C. IR (CC1 ): 
1600 w, 1520 s, b 

3OqO w, 2950 m, 1665 w, 
14 0 m. A-NMR (CC1 ): 6 7.40 

(t, J = 4 Hz, 1 H); 7.12 (m, 5 H); t .16 (m, 
1 H)j 2.32 (m, 2 H)j 1.84 (m, 2 E)j 1.48 (m, 
2 H). MS m/e: 168, 157, 156, 127, 41. (Found: 
C, 70.861 H, 6.46j N. 6.89. Calc for C12E13N02: 
C, 70.92j 8. 6.451 N, 6.89.) 

2-(2-Nitro-2-cyclohexenyl)-2-phenyl-l,3-df- 

thiane (26). Method B. A solution of 7.3 mruol -- 
BuLi in hexane was added slowly to a solution 
of 890 mg (7.32 snml) of 2-phenyl-1,3-di.thiane 
in 15 ml TRF at -78Oc. Stirring was continued 
for 2 h at -78OC. This mixture was then trans- 
ferred over a period of 20 min. to a flask 
containing a stirred solution of 1.66 g (7.3 
nrmol) of fi at -lCKI°C. Usual workup gave 
1.478 g (63 %) of 26. t4.p. 155'Cl IR (CBC13): 
2970 m, 2920 m. 1660 m, 1520 8. Ei-NMR 
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(CC14/CDC13): 6 7.95 (In, 2 H)j 7.34 (m, 3 B); 
7.08 (t, J = 4 EZ, 1 H)j 3.80 (m, 1 H)i 2.20 
(m, 2 a)j 2.00-1.30 (m, 6 H). NS m/e: 322, 321, 
195, 121, 41. (Pound: C, 59.71j A, 5.94; N, 
4.20~ S, 19.90. Calc for C18HlgN02S2: C, 59.781 
H, 5.961 N, 4.36, S, 19.95. 

6-(Methylphenylamino)-l-nitxo-2-cyclohexene 

(27). N-Hathyl aniline (1.071 g/10 -1) and 
2.27 g (10 maol) of % in 23 ml of TBF "as re- 
fluxed for 6 days. PGh chramratography gave 
1.53 g (66 %) of 27 as a yellow oil. IR (CC14): 
100 m, 2960 m, 1670 w, 1600 W, 1528 8, 1508 m. 
li, -NMR (cc14): 6 7.15 (3-line syst., 3 E)j 6.80 
(m, 3 H); 5.00 (bs, 1 Ei); 2.72 (s, 3 H); 2.3 

(m, 2 II); 2.05-1.55 (m, 4 H). 

3-(2-Nitro-2-cyclohexenyl)-N+ethylindole (28). 
An equimolar solution of N-methylindole and? 
in benzene (18 ml pro 10 nmrol N-methylindole?- 
was refluxed for 40 h. Flash chromatography 
gave a yellow oil that slowly cxystallizd. 
Yield 77 %. M.p. 71°C. IR (Ccl ): 2980 m, 1670 
m, 1620 w, 1520 s. 'Ii-NMR (0X4): 6 7.48 (m, 
1 8); 7.25 (t, j = 4 liz)j 7.126.80 (m, 3 A); 
6.46 (s, 1 H)j 4.53 (m, 1 E)j 3.41 (s, 3 H)j 
2.3-O (m, 2 H)j 1.88 (m, 2 El; 1.48 (m, 2 H). 
MS m/e: 257, 256, 209, 181, 146, 42. (Found: 
C, 70.331 H, 6.25; N, 10.81. Calc for 
C15H16N202: C, 70.291 8, 6.291 N, 10.93.) 

1,3-Bis-(2,2-dimethylpropoxycarhonylmethyl)-2- 
-nitrofndane (29). Tert.-butylacetat (655 mg, 
5.64 nnml) andT48 mg (2.85 nmol) of &?b gave 
after flash chromatography (CB Cl ) 2.1 g 
(93.5 %) of 29 as a 11:26:63 d2aszereomer mix- 
tur 

f. 
IR CCHZ ): 3020 m, 2990 s, 1725 s, 1550 

5. Ii-NMR (CDC ): 6 7.35-7.10 (m, 4 H); 5.69 
(t, J = 6 Hz); + .42 (dxd, Jl = 4.1 HZ, J2 = 
7.7 Hz)j 5.09 (t, J = 7.3 Hz)j 4.19 (dxdxd, 
Jl = J2 = J3 = 7 Hz); 3.99 (dxdxd, Jl = 8.5 Hz, 

J2 = J = 6 Hz); 3.02-2.44 (m, 4 H)j 1.50, 
1.48, j.44, 1.42 (s, 18 H). MS m/e: 318, 262, 
233, 57, 41. (Found: C, 64.581 8. 7.451 N, 3.67. 
Calc for C21H2gN06: C, 64.431 8. 7.47; N, 3.58) 

4-Nitro-3-phenyl4-pentenoic acfd-methylester 

(0). Nethylacetate (755 mg/10.2 nrmol) and 
2.63 g (10 mmol) of 2 gave after flash chroma- 
tography (CH Cl /pentane 2:3) 1.1 g (47 %) of 
$. IR (Film?: 2960 m, 1735 s, 1525 s, 700 8. 
H-NNR (CDCl 
2 Hz, 1 H); s 

): 6 7.25 (s, 5 H)j 6.60 (d, J = 
.65 (bs, 1 H); 4.80 (t, J = 7.5 

Hz)j 3.60 (s, 3 A), 2.88 (d, J = 7.5 Hz, 2 H). 
MS m/e: 204, 188, 160, 115, 59, 41. 

2-(Z-Nitrc-1-phenyl-2-propenylj-cyclohexanone 

(2). From 2.63 g (lo nrm01) of 2 and 1 g 
(10.2 nrm01) of cyclohexanone 1.5 g (58 $1 31 
was obtained as a diastereomer mixture (75y 
ds). Flash chromatography gave 960 mg (37 0) of 
the major diastereomer with > 95 % ds and 280 
mg (10 %) of the minor diastereomez. Najor: M. 
p. 101-102°C. IR (TC13): 2950 m, 2870 q , 1715 
s, 1530 s, 1450 m. Et-NMR (CDCl ): 6 7.23 (bs, 
5 Ii); 6.44 (d, J = 3 Ez, 1 Ii); 2 .53 (d, J - 
3 Ez, 1 H)j 4.48 (d, J = 10 Hz, 1 E)j 2.95 (dxt), 

J1 
= 7 Be, J Q 10 Ez, 1 B)j 2.38 (d, J = 

7 HZ, 2 E)j z .7 (m, 6 H). MS m/e: 213, 183, 
128, 115, 41. (Pound: C, 69.12; 8, 6.521 N, 
5.66. Calc for C E NO : C, 69.48j E, 6.61j 
N. 5.40.) tinor::$R'?CHsX: 2950 m, 2870 m, 
1715 s, 1525 s. B-N@lR ( 13): 6 7.26 (s, 5 E)j 

6.52 (s, 1 H)j 5.68 (8, 1 H)j 4.60 (d, J - 
10 Hz, 1 a)j 3.45 (m, 1 H)j 2.38 (m. 2 H)j 1.80 

(m, 6 H). 

2-Nitro-3-phenyl-heptene (2). From 2.63 g 
(lo -1) of 9 and 10.5 sof n-BuLi 2.03 g 
/93 o) of 32 ias obtained after Kugelrohr di- 
stil1ation:B.p. 70°C/10-5 um~ Eg. IR (CC1 1: 
3090 s, 1600 m, 1520 6, 1340 m. bJMR (Cb ): 

6 7.2 (bs, 5 E)j 6.4 (m, 1 H)j 5.49 (9, 1 H?j 
4.08 (t, J = 7 HZ, 1 H)j 2.0-1.6 (m, 2 H)j 
1.5-1.0 (m, 4 H)j 0.85 (t, J = 6 Hz, 3 H). MS 
m/e: 220, 219, 130, 91, 41. (Found: C, 70.591 
H. 7.361 N, 6.43. Calc for C13H17N02: C, 71.211 
H, 7.81j N, 6.39. 

1~(2-Oxo-cyclohexyl)-3-phenyl-heptan-2-cne (33) 
To a solution of 730 IIKI (3.33 nrmol) 32 in 2.5 
ml CS2C12 was added at--78OC 867 mg E.33 -1) 

~~~ei;5~7",g~~":I.~:~~~':~~~~~~'~ 

min. After completion of the addition the re- 
sulting solution was stirred at -78OC for an 
additional hour, then the bath temp. was grad- 
ually warmed to room temp. over a period of 
3-3.5 h. The reaction was quenched with 5 ml 
H20 and the resulting mixture was stirred at 
reflux for 2 h. The reaction mixture was ex- 
tracted with CH2C12 and the ccabined organic 
layer was washed with Ei20 and brine, dried 
over f4gS04 and filtered. After removal of the 
solvent the residue was purified by flash 
chromatography and distilled (b.p. 150°C/10 

_5 

mm Hg). Yield of pure 33 (3:l dia tereomer mix- 
ture): 45 %. Major diastereomer: 

9 
H-NMR (CC14): 

6 7.20 (ID, 5 H)j 3.68 (t, J = 7 Hz, 1 Ii); 
2.9-2.6 (m, 2 a); 2.5-1.0 (m, 15 E)j 0.89 (t, 
J = 6 Hz, 3 H). Minor diastereyr: IR (CC14): 
2965 q , 1712 s, 1602 m, 1498 m. Ii-NMR (CC14): 
6 7.20 (m, 5 Ii); 3.50 (t, J = 7 Hz); 2.90-2.40 

(m, 2 H); 2.30-1.00 (m, 15 11); 0.89 (t, J = 
6 Hz, 3 H). NS m/e: 211, 139, 121, 55, 41, 29. 
(Found: C, 79.85j H, 9.19. Calc for ClgH2602: 
C, 79.681 8, 9.15. 

3,4-Dimethyl-l-nitro-1-(l-phenylpentyl)-3-cy- 
clohexene (34). A mixture of 500 mg (2.28 nnnol) 
of nitroolefine 2, 4 ml of 2,3_dimethylbuta- 
diene and 5 mg of hydroquinone was heated at 
60°C for 40 h. The excess of diene was removed 
by evaporation. Flash chromatography and Kugel- 
rohr distillation (b.p. 170°C/0.05 m Eg) gave 
611 mg (89 %) of 34 as a 3:2 diastereomer mix- 

ture. IR ( 
s, 1500 m. 

OE 
14): 2978 m, 2950 m, 1608 m, 1540 
H-NMR (CC14): 6 7.20 (m, 5 E)j 3.10 

(m, 1 H)I 2.90-0.95 (m, 12 H)j 0.83 (t, J = 
6 Hz, 3 H). NS m/e: 255, 254, 197, 91, 77, 41. 
(Found: C, 75.58j H, 8.83, N, 4.66. Calc for 
ClgH27N02: C, 75.711 H, 9.03; N, 4.65.) 
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